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Suspended particulate matter (SPM) and colloidal matter (COM) in annual dry and wet deposition sam-
ples in urban Guangzhou were for the ﬁrst time collected, and their trace metals were investigated by
using inductively coupled plasma mass spectrometry (ICP-MS). The deposition ﬂux of SPM and of metal
elements varied largely among the investigated seasons, and reached the maximum in spring. The corre-
lation analysis indicated that signiﬁcant correlations existed among some of the metal elements in the
deposition samples. The enrichment factors (EF) of metals in COM in the deposition ranging from
79.66 to 130,000 were much higher than those of SPM ranging from 1.65 to 286.48, indicating the impor-
tant role of COM. The factor analysis showed that emissions from street dust, non-ferrous metal produc-
tion, and heavy fuel oil were major sources of the trace metals. Positive matrix factorization (PMF) model
was used to quantitatively estimate anthropogenic source.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
During the last four decades a number of studies indicated that
trace metals may produce adverse effects on the ecological envi-
ronment and human health due to their elevated abundances
and toxicity. The anthropogenic impact on the environment, espe-
cially in form of atmospheric pollution, is one of the important con-
cerns throughout the world (Raoof and Al-Sahhaf, 1992). Heavy
metals are emitted into the urban atmosphere from anthropogenic
sources such as road components, trafﬁc, power plants, non-fer-
rous metal production, and heavy fuel oil. Due to their bioaccumu-
lation and non-biodegradability, they have long term and negative
impacts on food safety (Sharma et al., 2008). Moreover, the emis-
sions of metal elements in Asia has accounted for the half of global
emissions (Pacyna and Pacyna, 2001). After 30 years of rapid devel-
opment in China, the concentrations of the heavy metals in the
atmosphere were among the top of the Asia. Some heavy metals
such as Cu, Cr, Pd and Zn in China are even 10 times higher than
in the developed counties (Wong et al., 2003). Haze weather was
frequently presented in 2013, and covered a third of the land in
China for a long time, which make people being aware of the sever-
ity of the atmospheric pollution.
Heavy metals, existing in the particulate form of atmospheric
pollutants, were concerned as their harm was great and their tox-
icity was persistent. The high enrichment factors (EF) value andanthropogenic source ratio of metal elements in the atmosphere
particulate matter have been extensively reported, because atmo-
sphere particulate matter has important inﬂuence on the migration
of metals (Wang et al., 2006). Biomonitoring and chemical analyt-
ical methods have been increasingly developed to assess the atmo-
spheric pollution of trace metals. The moss technique developed by
Ruhling and Tyler (1971) has been widely used to estimate regio-
nal atmospheric trace metal deposition (Berg and Steinnes, 1997;
Wolterbeek, 2002). The advantage of this technique is that their
metal uptake is only derived from atmospheric deposition and no
expensive equipment is needed. However, one of the inherent
problems with the use of moss is that it does not provide informa-
tion on the absolute magnitude of deposition and the seasonal
variations (Ross, 1990). For the chemical analytical method, the
commonly used sampling devices include low-volume air sam-
plers, high-volume air samplers and the passive sampling (Dye
et al., 2000; Wang et al., 2006). The advantage of the air samplers’
methods is that the sampling time is short, and the different ﬁlters
allow the collection of different size particles. On the contrary, the
use of passive sampling method can provide valuable information
on the atmospheric inputs of heavy metals in the earth surface
environment (Wong et al., 2003).
The distribution and fate of trace metals and organic pollutants
in natural environment are largely affected by colloidal organic
matter (COM) due to its polyfunctional groups and high speciﬁc
surface areas (Guo and Santschi, 2007). Many heavy metals were
mainly associated with the COM in the Severnaya Dvina River
(Pokrovsky et al., 2010). Atmospheric COM may expectedly affect
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environment. However, the distribution and association of trace
metals in atmospheric COM are poorly understood.
In this study, we seasonally collected the dry and wet deposi-
tion samples, and isolated suspended particulate matter (SPM)
and COM samples by using continuous ﬂow centrifuge and reverse
osmosis (RO) system. The elemental compositions of atmospheric
particulate and dissolved matter were characterized by using ele-
mental analyzer and ICP-MS. The anthropogenic source and source
apportionment were estimated by using principal component
analysis (PCA) and positive matrix factorization (PMF) model anal-
ysis (Wang et al., 2013). The advantage of the PMF model is that
the limit of detection and uncertain of single variable can be con-
sidered. Because PMF is not an eigen-based analysis, there is no
apparent sequence in the arrangement of factors. There are also
no strict rules for determining the number of factors to be ex-
tracted. Therefore, PCA was used to determine the numbers of fac-
tors. Three factors were ﬁnally chosen for further discussion in this
study.2. Materials and methods
2.1. Sampling collection
Guangzhou, the capital of Guangdong province, is the largest
coastal city in South China. The mean annual temperature is
21.9 C; the annual rainfall ranges from 1623.6 mm to 1899.8 mm.
It is located in the low-latitude region and is close to the South China
Sea. The climate of Guangzhou is regulated by the subtropical mar-
itime monsoon. The rainy season is from April to September, and
the precipitationduring the period generally accounts formore than
80% of the annual precipitation. The lowest precipitation occurs
from November to next January.
Annual dry and wet deposition samples were continuously col-
lected from the urban area of Guangzhou during April 2010–May
2010, September 2010–November 2010, December 2010–February
2011, March 2011–April 2011, and May 2011–July 2011. The
sampling site was located on the top of the library building in
the Institute of Geochemistry, Chinese Academy of Sciences, which
is adjacent to the two arterial roads, and was at a height of 20 m.
Due to the low precipitation and strong evaporation during
September 2010 to February 2011, the volume of the wet deposi-
tion sample was low and hence its COM not isolated. All the sam-
ples were collected with 20 polyethylene barrels (i.d. = 1 m,
volume = 100 L). The barrels in the dry seasons were partially ﬁlled
with pure water at approximately 10 cm depth to avoid the resus-
pension of collected particles. Sampling duration (approximately
2–3 months) for individual samples depended on the precipitation
and different season.2.2. Sample isolation procedure
The SPM samples in the dry seasons were separated by using a
centrifuge at a rotating speed of 4500 r/m for 20 min. The samples
in rain seasons were divided by using a continuous ﬂow centrifuge
and a portable reverse osmosis into two size fractions: SPM
(>0.45 lm) and COM (200 Da-0.45 lm). The RO apparatus was
operated in a separation and concentration mode, which was de-
tailed in another study by Crum et al (1996). After the concentra-
tion by the RO system, the COM retentate was concentrated to
1000 ml by using rotary evaporation at 45–48 C. Finally, the
SPM and COM samples were freeze dried under vacuum. The dried
sample was scraped from the ﬂask, and then ground, weighed, and
stored in a freezer until chemical analyses.2.3. Measurement
Dissolved organic carbon (DOC) of each fraction was deter-
mined by a Shimadzu TOC-VCPH analyzer. A mean value was
adopted based on triplicate analyses. In addition, the mass balance
and the recovery of DOC were calculated (Table 1). Elemental com-
positions of SPM and COMwere measured by a Vario EL III Elemen-
tar (Germany) (Tables 1 and 2). Duplicate samples were analyzed
and the mean values were used here. The relative errors for ﬁve
tests of acetanilide (a standard reference) were <2% for TOC and
<3% for TN. The analysis precisions of TOC and TN were <0.05%
and <0.02%, respectively.
An inductively coupled plasma/mass spectrometry (ICP-MS,
Agilent 7700X, USA) was used to quantify 12 metal elements,
including Mg, Ti, Cr, Mn, Co, Ni, Cu, Zn, As, Cd, Sn, and Sd. A given
quantity (0.20 g) of each sample was completely digested based on
the US EPA 3052 method. A mixed acid solution containing nitric
acid and hydro-ﬂuoric acid (v/v = 9/1) was added to each sample.
The mixture was heated with a temperature programmed micro-
wave digester (CEM, USA). After the digestion, the residue was dis-
solved in 1 mL of nitric acid and diluted to 100 mL with deionized
water prior to the analysis by ICP-MS.
For the metals analysis, the quality assurance was provided by
analyzing a certiﬁed reference material (CRM) (1646a). Besides, a
duplicate sample and a blank sample along with each batch of 10
samples were conducted. The recoveries for metals in the CRM
were around 80–105%. The accuracy and precision were <5% of
the established values.3. Results and discussion
3.1. Mass balance of DOC and elemental compositions of SPM and COM
The high concentration of DOC was obtained in the rainwater
sample collected from March to April due to the low precipitation
and the strong evaporation (Table 1). The elemental compositions
of the COM samples are showed in Table 1. The very high ratio of
nitrogen to carbon (N/C) is likely due to the contribution of the
proteinaceous virus and bacteria (Kim et al., 1996). In addition,
the abundance of NO3 and NH
þ
4 was higher than that of dissolved
organic nitrogen due to high solubility in the atmospheric wet
deposition (Eklund et al., 1997). A part of inorganic nitrogen was
retained by RO system, which could be another reason for the high
N/C of COM.
The deposition ﬂuxes of atmospheric SPM (mg/m2/d) are shown
in Table 2. The deposition ﬂux reached the maximum in spring.
Mineral grains are heavier and tend to be settled, while the parti-
cles enriched in organic carbon are lighter and are preferentially
accumulated in the atmosphere (Castanha et al., 2012). Table 2
shows that the C, N, H, and O contents of SPM reached a maximum
during March and April. The H/C, O/C, and N/C values increased
from the dry to the wet season, indicating high saturation degree
and elevated polar functional group in deposition particles in the
wet season. The increase in the N/C ratios is due in part to the ele-
vated contribution of planktons delivered by the monsoon from
the South China Sea in the wet season and enhanced photosynthe-
sis (Cao et al., 2004).3.2. Seasonal dry and wet deposition ﬂux of SPM and metal elements
The deposition ﬂuxes of SPM (mg/m2/d) and metal elements,
and the compositions of metal elements (lg/g) varied greatly in
different seasons (Fig. 1). The deposition ﬂuxes of SPM (mg/m2/d)
and metal elements reached the maximum in spring (Fig. 1). The
relation among them was described in an equation: deposition ﬂux
Table 1
The mass balance and recovery of dissolved organic carbon, and elemental compositions in the rainwater.
Sampling time Rain water volumes (L) Initial DOC (mg/L) Mass balance% Recovery % C% N% N/C
March–April 361 27.10 97.54 86.50 5.26 1.59 0.258
May–July 1220 1.20 84.88 59.55 4.82 2.27 0.403
Table 2
The deposition ﬂux and elemental compositions of atmospheric particulate matter at different sampling intervals.
Sampling time SPM ﬂux (mg/d/m2) C% N% H% O% H/C O/C N/C
April–May 55.60 13.94 0.96 2.19 12.73 1.88 0.68 0.059
September–November 47.58 16.35 0.98 2.30 14.65 1.69 0.67 0.051
December–February 54.78 15.29 1.31 2.10 12.70 1.65 0.62 0.073
March–April 78.91 18.51 1.67 3.08 17.03 2.00 0.69 0.077
May–July 65.07 16.98 1.62 2.69 1.90 0.081
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Fig. 1. The ﬂux of SPM deposition, ﬂux of metals and abundance of metals at the different sampling time.
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elements. The three variables changed almost in a similar tendency
(Fig. 1).
The annual mean deposition ﬂuxes of SPM, TOC, and TN were
21775.64, 4395.68 and 502.45 mg/m2/yr, respectively. Particle or-
ganic carbon (POC) accounted for 82% of total carbon and particle
organic nitrogen (PON) only accounted for 60% of total nitrogen
(Fig. 2a). Reay et al. (2008) reported a 2000 mg/m2/yr nitrogen
deposition (included volatile nitrogen and inorganic nitrogen) in
the urban Guangzhou.
The annual mean deposition ﬂuxes (mg/m2/yr) of Ti (75.22) and
Cr (6.53) in the SPM samples were much more than those of Ti
(0.40) and Cr (0.62) in the COM. Ti and Cr are related to crustal
source and are preferentially distributed in coarse particles
(Fig. 2b; Wang et al., 2006). Moreover, the annual mean deposition
ﬂuxes (mg/m2/yr) of Mg (70.28), Mn (13.15), and Sn (2.60) in the
SPM were much lower than those of Mg (411.21), Mn (32.64),POC PON DOC DON
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Fig. 2. Annual atmospheric deposition of organic elemenand Sn (15.03) in the COM samples. Mg and Mn are usually used
as indicators of aerosols from sea salts and are in form of ionic
compounds (Rahn, 1976). Furthermore, the annual mean deposi-
tion ﬂuxes (mg/m2/yr) of As (0.91) and Cd (0.097) in the SPM were
lower than those of As (1.26) and Cd (0.21) in the COM sample.
Pokrovsky et al. (2010) reported that Cd and As are preferentially
accumulated in COM of river water relative to particles. The distri-
butions of Cd and As in the particulate and colloidal phases are re-
lated to their predominate forms as ionic As and organic-ligand
bounded Cd in the nature (Pokrovsky et al., 2010). Besides, Wang
et al. (2006) found that EF values of Cd in the ﬁne particles (795)
are signiﬁcantly higher than those of coarse particles (92) in atmo-
sphere. The above observations are consistent with the high EF val-
ues of Cd and As in the deposited COM in our study.
The annual mean deposition ﬂuxes of Cu, Zn, and Ni were 9.77,
54.05, and 3.01 mg/m2/yr in Guangzhou during 2011, respectively
(Table 3). These values were lower than that during 2001, whichTi Cr Mn Co Ni Cu Zn Sn As Cd Sb
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Table 3
Comparison of atmospheric dry deposition ﬂuxes of metals (mg/m2/yr) among urban Guangzhou and other regions.
Location Period Ti Mn Co Ni Cu Zn Cd As Cr Reference
Guangzhou China 2010–2011 75.2 13.1 0.48 3.01 9.77 54.1 0.097 0.91 6.53 This study
Guangzhou China 2010–2011 75.6 45.8 0.83 7.67 19.1 102 0.312 2.16 7.14 This study (dry and wet deposition)
PRD, China 2001–2012 12 0.22 4.13 16.6 85.4 0.85 5.25 Wong et al. (2003)
Kushiro, Japan 2008 8.03 4.74 0.066 0.72 0.56 4.01 0.022 Okubo et al. (2013)
Otsuchi, Japan 2008 21.1 8.76 0.10 0.74 2.21 14.6 0.051 Okubo et al. (2013)
Hedo, Japan 2008 6.94 3.28 0.040 0.80 0.35 5.48 0.077 Okubo et al. (2013)
Tokyo Bay, Japan 2004–2005 87 6.8 16 0.39 2.9 6.2 Sakata et al. (2008)
Xian, China 2007–2008 300 47 1.5 4.4 7.7 51 2.6 Cao et al. (2011)
Taiwan, China 2009–2010 23 55 50 2.9 25 Zhang et al. (2012)
Mumbai, India 2001 4.2 11.9 0.5 65.3 0.45 0.27 Gajghate et al. (2012)
Paris, France 2001–2002 0.62 6 30 0.64 Motelay-Massei et al. (2005)
W. Huang et al. /Marine Pollution Bulletin 85 (2014) 720–726 723were 16.6, 85.4, and 4.13 mg/m2/yr, respectively (Wong et al.,
2003). This tendency could display that the production of nonfer-
rous metals and the combustion of crude oil in Guangzhou de-
creased during the last ten years. The deposition ﬂuxes of Mn
(13.16), Co (0.48), and Cr (0.097) were higher than that in 2001
(9.43, 0.19, and 0.06 mg/m2/yr, respectively), which could be due
to the increase of street dust. The Huanan road, adjacent to the
sampling site, started to be opened to trafﬁc in 2004, which would
be responsible for the increase of street dust. Mn and Cr in atmo-
spheric particles are widely considered as source indicators of road
dust (Manoli et al., 2002). Besides, Co is a constituent of urban
source of dust (Miguel et al., 1997). Thus, it is not surprising to ob-
serve the higher concentrations of Co, Mn and Cr in 2011 relative to
those in 2001. However, the situation of total metal pollution in
Guangzhou decreased. The ﬂuxes of some metals (Ti, Mn, Co, Ni,
As) in the Xi’an city of northern China were higher than those inApr.-May Sep.-Nov. Dec.-Feb. Mar.-Apr. May-July
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Fig. 3. Daily atmospheric deposition of POC and PON (mg/m2/day) in the different
seasons.
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Fig. 4. Daily atmospheric deposition of metathe urban Guangzhou (Table 3). This was related to contribution
from soil erosion (Ti, Mn, Co), dust weather (Mn, Co) and coal burn-
ing (Ni, As) in northern China (Cao et al., 2011). However, in Europe
the annual mean deposition ﬂux of Cu, Zn, Cd, and Ni were 6, 30,
0.64, and 0.062 mg/m2/yr (Table 3), much lower than that in urban
Guangzhou.
The seasonal tendencies of deposition ﬂux of different metals in
SPM varied (Fig. 4). The seasonal variations of POC, PON, Mg, Ti,
Mn, Co, Ni and Cr were similar to those of the ﬂux of SPM deposi-
tion (Figs. 3 and 4), indicating that organic carbon and street dust
were closely associated with the atmospheric SPM. The seasonal
variations of Cu, Zn, As, Cd and Sb were earlier than those of the to-
tal metal elements and similar to those of the abundance of total
metals, and reached the maximum in winter. The concentration
of Sn was higher in summer than in autumn and winter (Fig. 4),
indicated that its distribution was related to humidity.3.3. Composition of metals and their correlations
The mean concentrations of 12 metal elements ranged from
3429.1 ± 281.4 lg/g (Ti) to 4.5 ± 1.9 lg/g (Cd), as shown in Table 4.
The standard deviations decreased in the sequence: Sn, Cd, Zn, Sb,
Ni, Cr, Co, Cu, Mn, As, Ti, and Mg. The variation coefﬁcients of Mg,
Ti, Mn, Co, Ni and Cr, which were originated from crustal source
and street dust, ranged from 3.76% to 21%. And the variation coef-
ﬁcients of Cu, Zn, As, Cd, Sn, and Sb, which are derived from anthro-
pogenic emissions, ranged from 13.1% to 42.2%. The above
phenomena indicate that the seasonal variation of contribution
of anthropogenic emissions to SPM is higher than that of crustal
source and street dust.
The correlation analysis indicated that signiﬁcant correlations
existed among some of the concentrations of metal elements in
the deposition samples. For example, there were signiﬁcant corre-
lations among Mg, Cr, Mn, Co, Ni, and Sd (r > 0.71), and signiﬁcant
correlations among Ti, Cu, Zn, As, Cd, and Sn (r > 0.68), as shown in
Table 5. Linear correlation results suggested that well-mixedApr.-May Sep.-Nov. Dec.-Feb. Mar.-Apr. May-July
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Table 4
The concentrations of metals and their sequence in atmospheric particulate matter and atmospheric colloidal organic matter.
SPM Ti Mg Zn Mn Cu Cr Ni Sn As Sb Co Cd
Ave. (lg/g) 3429 3225 2429 588 444 290 133 118 41.6 32.7 21.2 4.50
SD 281 121 761 87.7 68.5 54.5 27.9 49.6 5.50 8.80 3.40 1.90
SD/Ave.(%) 8.20 3.80 31.3 14.9 15.4 18.8 21.0 42.2 13.1 27.0 15.9 41.9
COM Mg Zn Mn Sn Cu Ni As Sb Cr Ti Co Cd
Ave. (lg/g) 11,858 1520 976 452 282 135 37.0 22.5 17.6 11.3 10.4 6.60
Table 5
Correlation coefﬁcients among the composition of the metal elements in the atmospheric particulate matter.
Mg Cr Mn Co Ni Cu Zn Sn As Sb
Cr 0.85 Zn 0.90
Mn 0.77 0.68 Sn 0.94* 0.83
Co 0.91* 0.95** 0.85 As 0.86* 0.74 0.98** 0.75
Ni 0.71 0.88* 0.86* 0.90* Cd 0.69 0.79 0.84 0.86* 0.69
Sb 0.73 0.93* 0.81 0.87* Ti 0.92* 0.72 0.89* 0.84
* p < 0.05.
** p < 0.01.
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Fig. 5. The EF values of metals in the SPM and COM.
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from multiple similar sources. In addition, signiﬁcantly positive
correlations between the deposition ﬂuxes of metals indicated that
the sampling site did not have obvious point source pollution for
the investigated metal elements.
3.4. Enrichment factors of metal elements in SPM and COM
The EF values of metal elements in the SPM and COM were cal-
culated to assess the extent of natural and anthropogenic contribu-
tions to the elemental concentration levels in this study. An
investigation (Wang et al., 2005) used the earth’s crustal mean
abundances of the metal elements given by Gallet et al. (1998)
and Hu and Gao (2008). Si, Al, Fe or Ti is frequently used as the
reference element. In this study, Ti was used as the reference
element (Martín et al., 2009), given that it is a major crustal
component and is minimally affected by human emission. The EF
value of an element X in SPM and COM is deﬁned as below
EFX ¼ ½X=Rs½X=RCrust
where R is a reference element of crustal material and refers to Ti in
the study. [X/R]S is the concentration ratio of X to R in the deposition
samples, and [X/R]Crust is the concentration ratio of X to R in the
crust.
The EF values in the deposition COM samples ranged from
79.7 to 130,000, and decreased in the sequence: Cd > Sn >
Sd > Zn > As > Ni > Cu > Mn > Mg > Co > Cr > Ti. The EF values in
the SPM samples ranged from 0.26 to 286 and could be arranged
in the sequence: Cd > Sd > Zn > Sn > As > Cu > Ni > Cr > Co >
Ti > Mn > Mg (Fig. 5). The EF values of the metals in SPM were sim-
ilar to those in the previous investigation (Gao et al., 2002). The EF
values of the metals were much higher in COM than in SPM, indi-
cating that the colloids played very important role in regulating the
migration, transformation, and fate of the investigated metals.
The sequences of the EF values of the metal elements, except for
Mg, Mn, and Sn, in the atmospheric SPM and COM were similar
(Fig. 5). As the solubility of Mg and Mn was high (Rahn, 1976), their
EF values in the particulate matter were low. As Sn in COM, as
mentioned above, was related to air humidity, its EF value in-
creased. The high EF values (>4) of a given metal are indicative of
a signiﬁcant contribution from non-crustal sources, which will be
estimated in the later section. The EF values of Co, Ti, Mn, andMg in the atmospheric SPM were <2, suggesting their major origin
of natural sources.
This investigation was compared with other investigations. It
was found the deposition ﬂuxes of metals were higher than, and
the EF values of SPM in this study (Table 3, Fig. 5) were lower than
in New York (Gao et al., 2002), indicating that the contributions
and compositions of crustal source were higher than those in
New York. Soil and rock erosion and street dust was heavy in Chi-
na. This investigation suggests that even in the South China the
metal pollution from the soil and street dust also need effective
control. In addition, the ratio of anthropogenic sources was slightly
smaller (Fig. 7), but the deposition ﬂuxes of metals in Guangzhou,
PRD, or Xian in China were much larger than in the other countries,
such as Japan and France (Table 3).
It was assumed that Ti was exclusively derived from natural
sources, while anthropogenic emissions accounted for a negligible
fraction. We may get the anthropogenic source by using the equa-
tion: [X]anth = [X]s  [Ti]s  [X/Ti]crust. The ratios of anthropogenic
contributions were that: [X%]anth = (1  1/EFx)  100. As shown in
Fig. 6, the EFCr values in the COM samples were 79, which is the
lowest. Therefore, the crustal contribution in the atmospheric
COM was ignored, while the crustal contribution to the SPM was
noticeable. This observation indicated that the metals of anthropo-
genic sources tend to be enriched in small size COM. It is noted that
no signiﬁcant variations for the annual deposition ﬂux of Ti were
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Fig. 6. Principal component analysis about metals in the dry and wet deposition samples.
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were similar to those of the deposition ﬂux for the investigated
metals.3.5. Identiﬁcation of anthropogenic source and source apportionment
To further identify the sources for the metal elements associ-
ated with the dry and wet deposition in the urban Guangzhou,
we applied the Varimax rotated PCA to the metal data. The PCA re-
sults are presented in Fig. 6. Three factors with eigenvalues (>1)
were identiﬁed and explained 97% of the total variance of the data.
Communalities, as an index describing the covariance explained by
individual factor, ranged from 0 to 1. The communalities values for
individual metal ranged from 0.926 for Sn to 0.998 for Mg. This
observation indicates that the three component solutions are quite
satisfactory. These factors clearly indicate the different source
components for the metal elements in the region.
In order to quantitatively assess the contribution of various
sources with regard to metal contamination, the PMF analysis of
the metal compositions was used (Wang et al., 2013), and three
factors were ﬁnally chosen for further discussion. The source
apportionments of the metals in each of the three PMF factors
are depicted in Fig. 7. It is known that in the ﬁrst factor, the highest
loadings were derived from natural marker Ti and Co, and street
dust marker Cr. Ti was minimally affected by human emission,
and 60% of Co in the particles was originated from crustal source.Cr Mn Sn Co Ni Cu Zn As Cd Sb
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Fig. 7. Mean source apportionment of enriched metals in the atmospheric SPM and
COM.Road dust was an important contributor to airborne SPM, which
was resuspended by wind and vehicle induced turbulences. Road
dust particles from multiple sources (automobile exhausts, lubri-
cating oil residues, tire and brake lining wear, street surface weath-
ering, leaf detritus, garden soil, etc.) were injected into the
atmosphere and redeposited (Manoli et al., 2002). High loadings
of Ti, Mn, and Cr reﬂected the soil source of road dust, while the
correlation of the other metals indicated some other sources of
road dust (e.g. Cu and Zn as a maker for brake lining wear). There-
fore, the ﬁrst factor was selected to represent the crustal signal and
street dust of soil source. Atmospheric Cr (84%), Co (60%), Ni (49%),
Cu (38%), and Zn (36%) were the source contributors of street dust.
Moreover, the high loading of Cu, Zn, As, Sb and Cd on the second
factor was attributed to non-ferrous metal production. It was
found that non-ferrous metal production was the largest source
of atmospheric As (69%), Cd (73%), Cu (70%), In (100%), and Zn
(72%) (Pacyna and Pacyna, 2001). Wang et al. (2006) also showed
the high concentrations of Zn in ﬂy ashes from incinerators. Gao
et al. (2002) observed the high concentrations of Cd in ashes from
incinerators. It was reported that 75% of the municipal solid waste
was incinerated in Japan, while most of the solid waste was buried
in China. Therefore, the second factor represents non-ferrous metal
production. Non-ferrous metal production was the large source of
atmospheric As (36%), Cd (67%), Cu (34%), Sb (62%), and Zn (35%) in
this study. The third factor explains 15.98% of the variance, and is
loaded with heavy fuel oil marker Ni.4. Conclusions
This research studied heavy metals of SPM and COM in atmo-
spheric wet and dry deposition. COM played an important role in
regulating the migration, transformation, and fate of heavy metals.
Street dust, non-ferrous metal production, and heavy fuel oil were
the major contributors for the atmospheric metals in the urban
Guangzhou. This investigation strongly demonstrates that the con-
trol strategy needs to be stipulated for the three pollution source in
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